As first Run II data acquisition has begun, it is useful to expose the pending questions by reviewing some of the most recent results obtained with Run I data analyses. Early results of the current data taking and middle-term prospects are also shown to illustrate the efficiency of the acquisition and analysis chain.
I. INTRODUCTION
The core of the LHCb research program lies in the use of heavy flavour decays to probe the intervention of New Physics through the involvement of heavy new particles in loop decays. For this purpose, rare b-hadron decays proceeding through box or loop diagrams and in general any process in which a virtual heavy particle could intervene, come as natural grounds to seek for any deviation from Standard Model-based predictions. Although the spectroscopy of heavy-flavoured hadrons and the study of new bound states might be considered as side-products of the main research lines, recent studies show that important results can emerge in this sector.
Beside low-energy hadron physics, the low transverse momentum threshold, the excellent vertex reconstruction, and the peculiar forward geometry of the LHCb detector is allowing for complementary studies to what is performed with ATLAS or CMS detectors, on areas such as QCD, Electroweak and Higgs physics, as well as searches for displaced vertices of heavy decaying particles.
The analyses exhibited in this paper are based on the full Run I (years 2011 and 2012) data sample, representing 1.0 and 2.0 fb −1 of integrated luminosity at 7 and 8 TeV center-of-mass energies in pp collisions, respectively. The early results and measurements of the first run II data at 13 TeV are based on samples of 4 to 6 pb −1 , from the 50 ns proton bunch spacing run which occurred in early summer 2015.
II. LHCB DETECTOR AND SOFTWARE
The LHCb detector [1] , Fig.1 , is a single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5, specially designed for the study of particles containing b or c quarks. The detector includes a high precision tracking system, consisting of a siliconstrip vertex detector surrounding the pp interaction region, a large-area silicon-strip detector located upstream of a dipole magnet with a bending power of about 4 Tm, * hicheur@if.ufrj.br and three stations of silicon-strip detectors and straw drift tubes placed downstream. The combined tracking system has momentum resolution ∆p/p that varies from 0.4% at 5 GeV/c to 0.6% at 100 GeV/c, and impact parameter (IP) resolution of 20 µm for tracks with high transverse momentum. Charged hadrons are identified using two ring-imaging Cherenkov detectors (RICH) [2] . Photon, electron and hadron candidates are identified by a calorimeter system consisting of scintillating-pad and preshower detectors, an electromagnetic calorimeter and a hadronic calorimeter. Muons are identified by a system composed of alternating layers of iron and multiwire proportional chambers.
The data acquisition chain is depicted in Fig.2 . The trigger [3] consists of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage which applies a full event reconstruction. Events triggered both on objects independent of the signal, and associated with the signal, are used. In the latter case, the transverse energy of the hadronic cluster is required to be at least 3.5 GeV. The software trigger includes more sophisticated requirements and operations, in particular a multivariate algorithm to identify secondary vertices [4] .
The analyses use simulated events generated by Pythia 8.1 [5] with a specific LHCb configuration [6] . Decays of hadronic particles are described by EvtGen [7] in which final state radiation is generated using Photos [8] . The interaction of the generated particles with the detector and its response are implemented using the Geant4 toolkit [9] as described in Ref. [10] .
III. BRIEF REMINDER ON QUARK COUPLINGS
Because the eigenstates of the weak interaction are different from the mass eigenstates, the CabibboKobayashi-Maskawa (CKM) matrix [11, 12] involves couplings within and between quark generations:
However, the magnitude of its elements is not evenly distributed: the modules of the diagonal elements (within- For the B 0 triangle, the angle β = arg
is now measured at a very high precision even with LHCb measurement alone [13] . The angle γ = arg
however is much less known and is the subject of an extensive program involving B → DK decays [14] . The module of the element V ub intervening in the latter, can be probed through the study of the semileptonic decays b → u − ν. Finally, the sides V ts V * tb and V td V * tb are involved in rare B decays through flavour changing neutral currents b → s, d.
+ − decays proceed in the Standard Model through flavour changing neutral currents (FCNC) involving loop or box diagrams as in Fig.3 . However, their dynamics could well be affected by the intervention of heavy virtual particles coming from a higher mass scale. LHCb has studied all of 
, which combines the coefficient S 5 of the angular distribution [15] and the fraction of K * 0 longitudinal polarization F L , shows a 3.7σ combined discrepancy with the SM predictions in the region 4 < q 2 < 8 GeV
the mismatch is seen for the differential branching fraction dB/dq 2 in the region q 2 < 8 GeV 2 /c 4 . All these trends will be followed up with more statistics. For the time being, no sign of deviation is observed in any of the observables for 
The two parts are connected through a W boson in the SM with an intervention of the CKM elements V cb and V ub .
V cb ∼ 4 × 10 −2 is known to a typical relative accuracy of 2% while the precision on V ub ∼ [3 − 4] × 10 −3 is not better than 12% [19] . Measuring V ub is thus interesting in itself. It becomes even more attractive with the persistence of a 3σ discrepancy between measurements from inclusive B → X u ν and exclusive B → π ν decays, with . Any beyond-SM heavy charged particle replacing the W in W → − ν would preferably couple to a τ lepton. Therefore, by studying e.g. the ratio of b → cτ − ν τ to b → cµ − ν µ , a deviation induced by new physics could be probed. This is done in LHCb by measuring
while the τ is considered in the decay τ − → µ − ν µ ν τ to allow for the same final visible particles for both D * τ − ν τ and D * µ − ν µ . Apart from the the variable q, the muon energy and the invariant mass of the invisible part of the decay are used as discriminating variables. The latter one is important to separate D * τ − ν τ which has a big invisible mass from D * µ − ν µ for which this quantity is much smaller as can be seen in Fig.5 . The fits to the 
VI. CKM γ ANGLE
The easiest way to extract the angle γ is to use the interference of tree favored b → c(us) (A B ) and suppressed b → u(cs) (A B r B e i(δ B −γ) , r B is the suppression factor and δ B is the relative strong phase) decays leading to final states of the type B → DX s where D is a charm meson and X s a strange system (K, K * , Kπ, Kπππ, ...
. Over the last years, the LHCb collaboration has been combining several B → DK modes to extract a value of γ = (72.9
• [14] . For multibody D decays, the variation of the strong phase δ D across the decay phase space engenders a dilution factor in the extraction of the γ angle. This effect can be unfolded by dedicated amplitude analyses of this type of decays. As an illustration, LHCb used a recent determination of the CP content of • is obtained, in agreement with the combined average.
VII. NEW QUARK BOUND STATES
The idea of hadronic bound states having more than three valence quarks has been envisaged since already half a century [33] , with subsequent quantitative work including tetraquark and pentaquark states [34] [35] [36] . On the experimental side, various past claims of pentaquark observation have been shown to rely on unconvincing signals [37] . Recently however, the resonant nature of the tetraquark candidate Z(4430) − seen in the ψ π − invariant mass distribution, first advertised by the Belle collaboration in B → Kψ π decays [38, 39], has been finally established by LHCb [40] . The Argand diagram of the amplitude is shown in Fig.7 . Current independent studies aim at consolidating the result [41] .
While studying the baryonic counterpart of the aforementioned decays, which are Λ 0 b → J/ψ pK decays, the LHCb collaboration achieved a significant breakthrough in the path of proving the existence of a pentaquark resonance [42] . The J/ψ p invariant mass spectrum exhibits a peculiar peak near 4.4 GeV/c 2 as shown in Fig.8 . A full amplitude analysis involving the squared invariant masses of the J/ψ p and Kp systems, and five decay angles, has been performed to investigate the decay spectrum. The best fit leads to the data being compatible with the existence of two resonances P + c (4380) and P + c (4450) of masses (4380 ± 8 ± 29, 4449.8 ± 1.7 ± 2.5 MeV/c 2 and widths (205 ± 18 ± 86, 39 ± 5 ± 19, respectively, and spin-parities equal to (3/2 − , 5/2 + ). The signal of the narrower resonance is stronger as already shown in Fig.8 and less likely to be sensitive to fluctuation of other amplitudes. This is reflected in the Argand diagrams of Fig.9 .
Both Z and P c are built on charmonium and are thus labeled as charmonium-tetraquark and charmoniumpentaquark states. The exact dynamics and structure of these states are still subject to intense modelings and investigations. 
VIII. FORWARD PHYSICS
Over the past few years, there has been a significative number of LHCb studies involving W or Z bosons, jets and searches for displaced vertices of long-lived heavy particles in the forward region [43, 44] . Since the first publications on inclusive electroweak bosons production [45, 46] , the collaboration has been particularly active in improving the quality of the identification of heavyflavoured jets [47] with the idea of studying the boson-jet associated production [48] .
The search for top production in the W + b-jet associations comes as a natural follow-up of this effort. In reference [49] , the muon from the W → µν decay is combined with a jet, with further multivariate discrimination between W + q-jet (q denotes light-quark jets), W + cjet and W + b-jet categories. The inclusive W + j-jet production is used as a control channel, since it has very low background and the ratio σ(W b)/σ(W j) is predicted to a very good accuracy in the Standard Model. Using the latter quantity also permits to benefit from the cancelling of several experimental uncertainties. The yields are extracted by a fit to the transverse momentum ratio p T (µ)/p T (j µ ), where j µ denotes the jet clustered around the muon, including the muon. This variable is particularly useful to reject dijet events. Figure 10 shows the fit results for W + b yield and charge asymmetry (N (
: the data favours the existence of the top production over pure W + b-jet production by a significance of 5.4σ, which establishes the observation.
For what concerns Higgs physics, a limit on Higgs decays to τ + τ − has already been set by LHCb with the 2011 data sample [50] . However, the experimental improvements that permitted the aforementioned results on W b, W c and top identification have opened the door to exciting studies on boson + dijet production in the forward region with the hope of probing the boson + Higgs forward production. 
IX. CURRENT DATA TAKING AND PROSPECTS
Run II data taking has started early June 2015 at a center of mass energy of 13 TeV with a proton bunch spacing of 50 ns. Since early September, the 25 ns bunch spacing is used and the current status of the integrated luminosity is shown in Fig.11 . The main difference in the data acquisition with Run I is the online calibration and alignment performed at the High Level Trigger step, and a larger output rate to storage (12.5 kHz). The 50 ns data sample has already given birth to several validation plots and studies, with the first early publication being on the J/ψ production [51] based on an integrated luminosity of 3 pb −1 . A fit to the µµ invariant mass and vertex lifetime distributions is performed to extract the prompt and J/ψ -from-b-hadron components, in bins of transverse momentum p T and rapidity y. Figure 12 illustrates the fit results for one kinematical bin.
The cross-sections extracted in the LHCb acceptance are σ promptJ/ψ (p T < 14 GeV/c, 2.0 < y < 4.5) = 15.30 ± 0.03 ± 0.86 µb and σ J/ψ −from−b (p T < 14 GeV/c, 2.0 < y < 4.5) = 2.34 ± 0.01 ± 0.13 µb, where the firt and second uncertainties are statistical and systematic, respectively. Using the b → J/ψ X branching fraction [52] and an acceptance extrapolating factor from Pythia simulation, the total cross-section is obtained σ(pp → bbX) = 515 ± 2 ± 53 µb.
For Run II, the benchmark scenario predicts an integrated luminosity of ≈ 5-6 fb −1 by 2018, which will more than double the Run I sample, given the bb production cross-section scaling with energy. This is will certainly allow to converge on a final word for all the deviations seen for several observables in the rare B decays. In the case where beyond-SM physics does not show up directly, the indirect presence of new physics would permit to estimate its energy scale through the size of its contribution to low-energy effective hamiltonians. Besides, the higher center-of-mass energy of Run II (and further data taking) enhances the capabilities of multiple-jets detection in LHCb and thus improves in particular the sensitivity to associated Higgs and electroweak bosons production. CP violation in the quark sector with in particular measurements of the β s and γ angles. From the improvements on rare decays, it has also shed light on the size of possible contributions of new heavy particles in loops, with the remarkable observation of B → µ + µ − [53] . The LHCb collaboration has also shown the potential for interesting prospects for electroweak physics in the forward region with the first observation of the top quark production.
The upgrade of years 2019-2020 [54] is aimed at preparing the detector for the high luminosity run, where about 50 fb −1 of data are expected to be recorded, which will project the collaboration into a new era of discoveries and precision tests for rare decays, heavy hadrons, CP violation and forward physics. 
